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Meeting the housing needs in Nigeria is a long-standing task, yet to be realised. The economy of the country, as most developing coun-
tries, is ailing with limited resources. Energy and infrastructures are inadequate, yet the use of cement dominated the construction industry.
Earth construction is a sustainable option to housingwith inherent characteristics that should be desirable in the ailing economyof hot trop-
ical environment in Africa. However, most Nigerians are skeptical of taking a low cost option with less modern eﬀects and uncertain dura-
bility. This research explores the issues relating to this problem and aims to bridge the gap between Nigerians and earth, which exists in
abundance in Africa. The emerging concept from the survey of public reaction to earth construction in Nigeria is of a shelled compressed
earth block (SCEB) of an inner core of ‘earth’ with less stabilisation and an outer shell of the same earth composition but with higher ratio of
cement stabilisation for adequate durability, compressed into a single piece. A mechanical kit was designed and fabricated for the produc-
tion of sample shelled compressed earth block for laboratory tests. Basic preliminary tests were conducted on themodel and results revealed
that the concept was feasible thus paved the way for further research work in shelled compressed earth block (SCEB).
 2014 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V.
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Open access under CC BY-NC-ND license.1. Introduction
Buildings of earth date back to 12,000 BC (Pacheco-
Torgal and Jalali, 2012). It was a phase in the historic
development of human shelter. The basic house walls in
most traditional architecture in Nigeria were built of ‘earth’
in simple low-cost and self-help construction arrangement.http://dx.doi.org/10.1016/j.ijsbe.2014.05.002
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Peer review under responsibility of The Gulf Organisation for Research
and Development.In Nigeria, the relics of earth buildings are seen in our tra-
ditional city centres as reminiscence of history. These old
earth buildings, associated with the Natives, are gradually
disappearing as illustrious sons and daughters of these fam-
ilies are replacing them with modern structures. Where
there were no means of replacing them, Natives have
traded them for good fortune to Commercial Banks and
Companies who desired their strategic locations.
Modern research has established that earth construction
is sustainable with less drain on infrastructure (Minke,
2000; Keefe, 2005; Real, 2010). The earth technology has
advanced with a modern face of stabilised compressed
earth blocks (CEBs) and rammed earth (RE) walls. The
analysis made by Guillaud et al. (1985) revealed that a
compressed earth brick wall cost 32 per cent less thanduction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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(2004) showed that the large thermal capacity of earth
walls improves their thermal properties above that
expected by consideration of R-values alone. Morton
(2010) revealed a sound reduction index of 46 db to
57 db; and that a 16 inch compressed earth brick wall has
a coeﬃcient of acoustic attenuation (tested at 500 Hz) of
40 to 50 db. Earth improves indoor air quality and lowers
embodied energy (Minke, 2000). These characteristics of
earth are highly desirable in the ailing economy of hot trop-
ical environment. However, new houses built of earth are
rare in urban environment in Nigeria, compared to the
baked bricks in the United Kingdom and France.
Sandcrete block-walls presently dominate the building con-
struction industry in Nigeria with the attendant demerits of
high cement utilisation, poor thermal performance and
high cost.
This research aims to enhance the compressed earth
block by evolving a model that gives extra consideration
to durability and surface texture within the framework of
aﬀordable housing and social consciousness of average
Nigerians. A review and survey of housing in Nigeria were
carried out. These were intended to practically identify rea-
sons for non-acceptability and evolve possible solutions
that may reverse the present trend of non-utilisation of
earth. The contesting issue of durability against cost was
analysed in a comparative assessment of cement content
needed for stabilisation. The emerging model is Shelled
compressed earth block (SCEB) for which a mechanical
kit was designed and fabricated to produce samples for lab-
oratory tests. Preliminary laboratory tests were conducted
on samples of SCEB specimens with feasible results.2. Background/context for the study
Earth is an unstandardised building material with limi-
tations which Minke (2000) identiﬁed as surface erosion
when exposed to weather and a need for frequent mainte-
nance. Attempts have been made at solution to the limita-
tions of earth (Ngowi, 1997; Ikejiofor, 1998; Wekesa et al.,
2010; Galan-Marin et al., 2010) with improved results.
However, overcoming the limitations of earth remained a
subject of interest in modern research.2.1. Challenges of earth construction
UNCHS Habitat (1986) observed from ﬁeld experiences
that majority of world’s earth houses in rural areas, all suf-
fer from common defects identiﬁed as: Surface erosion,
partial crumbling, unhealthy conditions due to constant
humidity, and hallowed bases. Heathcote (1995) identiﬁed
durability of earth wall as one area that attracts the most
concern from the public and emphasised the importance
of addressing this problem for earth to gain acceptance
as a modern building material. He concluded that there is
no conclusive evidence based on ﬁeld performance to alleythese concerns. Common defects like in Fig. 1 are notice-
able in even professionally executed earth walls.
The most commonly used protection techniques were
identiﬁed by various works in earth construction technol-
ogy (Rigassi, 1985; Guillaud et al., 1985; Minke, 2000).
They are roof overhangs, cement, lime or bitumen stabilisa-
tion, damp proof courses, surface coatings and rendering.
Heath et al. (2012) suggested ‘appropriate detailing’ as a
requirement for Modern Earth Construction.
2.1.1. Durability
Durability in modern context should not be assessed by
how long an earth wall stands without falling but also
how well the integrity of the original texture of exposed sur-
faces lasts with no deterioration. This probably explains the
reason for a cold shoulder from Nigerians who under
unpleasant ﬁnancial strains strived to build with, the
expensive, sand–cement blocks, which are widely known
for durability, reliability and pleasant aesthetic eﬀect.
2.1.2. Planning
The planning of an adequate roof overhang to protect
earth wall in Africa is very challenging. The cost of roof
overhang in the contest of modernity can be enormous
(Egenti et al., 2013b). The microclimate of heavy driving
rainfall in most parts of the continent and the low level
of infrastructural development like irregular supply of elec-
tricity make such planning diﬃcult. The Architect goes
through the arduous task of balancing between creating
internal spaces of adequate natural lighting and ventilation
while avoiding an exposure of the external walls. The plan-
ning becomes almost impossible with storey buildings,
which are most desirable in Africa for the factor of secu-
rity, increased ventilation and social class factor.
2.1.3. Quality control
This is applicable to material, methods and earth block
presses. It is apparent that the state of quality control, for
earth construction, hangs in critical balance with very lim-
ited tolerance for satisfactory performance. It is worthy of
note that the sand–cement wall system also has the quality
control element, but has been very successful in terms of
durability in tropical environment because of a wider toler-
ance for satisfactory performance. In other words, a small
compromise in material and method may not result in very
signiﬁcant defect. This explains the reason why sand–
cement wall has been very successful in the hands of all
manners of artisans and funding statues of developers. It
is therefore important to advance earth construction
technology to a state of increased tolerance for satisfactory
performance where an architectural design with some
exposed walls or a small reduction in the eﬀectiveness of
a press may not result in very signiﬁcant defects. Quality
control factor has been identiﬁed by ﬁeld reports as reason
for defects in earth buildings (UN-HABITAT, 2012).
These are probably the challenges militating against a
wide acceptability of earth construction in urban environ-
Figure 1. Common defects or imperfections in earth walls (Source: Walker et al., 2005).
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may increase the tolerance for satisfactory performance of
compressed earth block.2.1.4. Soil stabilisation
The addition of cement, lime or bitumen to earth before
compression changes the characteristic of earth from its
unstable state of strength and volume with changing mois-
ture conditions to a more suitable building material. The
suitability of the above materials may be dependent on
the composition of the soil. Cement is more suitable for a
soil with a higher percentage of sand, while lime is more
appropriate with a clayey soil as it reacts, though slowly,
with clay to form a stable pozzolanic material (Rigassi,
1985). However the considerable amount of water required
for lime and bitumen in the process of production may
restrict their use to adobe blocks and not compressed earth
blocks that require small amount of water for good com-
pression (Rigassi, 1985). The availability of these binders
could also be a factor for a choice in local application.
There have been recommendations, in the literature, that
5 per cent to 8 per cent cement is required for the satisfac-
tory performance of compressed earth walls (Venkararama
and Jagadish, 1987). The weather resistant ability of earth
walls is greatly improved when stabilised and compressed
(May, 1984; Smith, 1987).2.2. Housing in Nigeria
Nigerian building construction industry is dominated
by the use of cement. Cement is used in the construction
of over 95 per cent of private and public buildings in
Nigeria. (Nwolisa, 2012). Practically all new buildings in
urban areas are built with cement. The history of cement
production in Nigeria dates back to 1957 when three
cement plants were commissioned by the then regional
governments of the three geopolitical zones of Nigeria –
Northern, Eastern and Mid-Western (Nwolisa, 2012).
With coming of cement industries, expanded construction
opportunities gradually relegated the traditional
construction methods. The use of cement became an
excitement with impressive ﬁnish, durability and water-proof/washable surfaces for ﬂoors and walls. This was
apparently a progressive and positive development in
human shelter and living conditions – product of science
and technological development.
The excitement of the discovery and use of new material
overshadowed the thought of the drain on the limited and
dwindling energy sources and impact on human environ-
ment; even the extra interior heat was hardly attributed to
the new construction material. The proud owners of these
new cement buildings were respected and placed high in
the society. The demand for cement is on increase and most
times higher than supply. The price of cement has increased
by over 200 per cent since 1999 despite governments’ eﬀorts
(Nwolisa, 2012; Alagbe, 2011).
A collaboration of the National Commission for
Museum and Monument, Jos, Nigeria and the French
Embassy in Nigeria since the 1990s (over two decades) have
been promoting the use of compressed earth block for
housing development in Nigeria. Eﬀorts have been made
using training workshops for building professionals in
private and public sectors, the construction of model build-
ings to sensitise the Nigerian public with no appreciable
result. The compressed earth block wall is rarely adopted
for housing development.
This situation is thus of concern and calls for detailed
survey and studies aimed at identifying reasons for non-
utilisation. It is envisaged that this will lead to solutions
that will make Earth a popular building material in urban
areas.
2.2.1. Need for sustainable housing in Nigeria
The Population Reference Bureau (2013) puts the
Nigerian population at 174 million; and projected a rise
to 440 million in 2050. Mabogunje cited by Kabir and
Bustani (2012) in a report of the study of housing situation
in Nigeria, in year 2007, puts the existing housing stock at
23 per 1000 inhabitants, with a housing deﬁcit of 15 million
houses. The current deﬁcit is expected to have risen with a
12 per cent rise in population since 2007. An average citizen
may not aﬀord a personal house with the existing high cost
of cement. An aﬀordable housing is obviously a sustainable
option.
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Policy to build 202,000 housing units in a 5-year Develop-
ment Plan, starting from 1975 to 1980. The records of
housing proposal and actual delivery from 1975 to 1994,
based on Ademiluyi and Raji (2008) and Akeju (2007);
complemented with record of completed projects of FHA
(2014) are charted as shown in Fig. 2.
The Federal Government of Nigeria could not deliver
as proposed. Akeju (2007) was of the opinion that the
Government policy of creating aﬀordable housing for
all, failed because it was based on the unsustainable tenet
that houses will be provided by the government. The per-
iod 2003–2004 witnessed a new Housing Policy geared
towards enabling individuals own houses. Under this pol-
icy, Government was to create an enabling environment
for private housing delivery and ownership. Sustainable
urban planning, good governance, as practices to meet
the massive housing demand that exists in developing
countries, and the three key ingredients required for
the scaling up were: A supportive institutional and regu-
latory environment, timely monitoring and evaluation
mechanisms, appropriate capacity development of the
housing sector and capacity building of housing sector
actors (UN-HABITAT, 2012). The Federal Housing
Authority (FHA) since inception has only been able to
deliver 35,609 housing units on a commercial basis
(FHA, 2014).
The policy of private housing delivery and ownership,
ordinarily, should have been an opportunity for low-cost,
self-help housing development. However, the discrimina-
tion against earth building has reduced the impact of
Government eﬀorts in empowering the private housing
sector.
A couple of studies conducted in Nigeria revealed that
Nigerians persistently discriminate against indigenous
building materials because of doubtful durability and life
span, poor social acceptability, as well as the lack of
well-established standards for these materials (Adogbo
and Kolo, 2006). Alagbe (2011) also conducted a studyFigure 2. Illustration of the performance of the Federal Government of
Nigeria in respect of housing delivery.aimed at examining the relationship between peoples’
knowledge of compressed stabilised laterite block and the
acceptability for housing construction. Furthermore, to
ascertain whether low cost factor of earth wall has an
inﬂuence on its acceptability for housing construction.
The survey of Alagbe (2011) revealed that the acceptability
of compressed earth block is dependent on durability and
adequate promotion and enlightenment campaigns by the
public and private sectors in Nigeria.
Sequel to the works of Adogbo and Kolo (2006) and
Alagbe (2011), a new survey was considered necessary
as a part of an on-going research on enhancement of
compressed earth block for a better utilisation of earth
in Nigeria. The summary of opinions of respondents in
Nigeria was presented by Egenti (2013) as shown in
Fig. 3.
Egenti (2013) summarised in its ﬁndings, that com-
pressed earth block construction could be more acceptable
in Nigeria if:
(a) Resistant to weather and hence durable when
exposed to extreme weather conditions.
(b) Wall surface and ﬁnishing were aesthetically pleasing,
dust and wear free.
(c) Masonry unit exudes quality and reﬁnement.
(d) Masonry units were bigger for easy laying.
(e) Interiors were brighter with a more reﬂective wall
surfaces.
An experimental research in compressed earth construc-
tion is expected to lead to an emerging model which will
give due consideration to these opinions, housing needs
and aspirations of Nigerians.
3. Research methodology/analytic approach
The research commenced with the study of soil sam-
ples to identify appropriate soils for earth construction
in the locality. The common compressed earth blocks
(CEBs) were produced with the suitable soil samples
while varying the cement content from zero to 15 per
cent. The CEBs so produced were subjected to appropri-
ate durability test with the aim of identifying the opti-
mum cement content for diﬀerent types of soil. An
assessment of quantity of cement required to produce a
durable CEB, from diﬀerent soil types, was made. The
high cement content required for a durable earth wall
led to the conception of a model with an optimum
cement content in the outer layer while reducing the
cement content of the inner core. The question at this
stage was: How will a shelled compressed earth block
(SCEB) be produced? A mechanical kit was designed
and fabricated to produce laboratory test samples of
Shelled compressed earth block. Preliminary tests were
conducted on shelled compressed earth blocks.
The above analytical approach to experimental research
is further outlined in Table 1.
Figure 3. Summary of opinions of respondents in Nigeria (Egenti, 2013).
Table 1
An outline of the analytical approach to experimental research.
1. !Soil
identiﬁcation
2. !Production of
Sample CEB
3. !Durability test of
CEB samples
4. !A check for
viability
5. !The emerging
concept
6. !Produce
sample SCEB
7. !tests of
SCEB
(Identify
suitable
soil in the
locality)
(Produce CEB
varying cement
contents from zero
to 15% for each
suitable soil
identiﬁed in 1)
(Drip test and surface
integrity test were
carried out on CEB
produced in 2, with the
aim of identifying
optimum cement
content for each soil
type)
(With the optimum
cement content
identiﬁed in 3, the
cement content
required for good CEB
produced from the soil
types was assessed, and
found to be high.
Hence, the anticipated
durability may be
uneconomical)
{Give the shell (which
constitutes 40 per cent
of volume of block) the
optimum cement
content and make a
saving with the inner
core (which is 60 per
cent of volume of
block)}
(Produce SCEB
varying cement
contents of shell
from 3 to 15 per
cent and core
from 0 to 3 per
cent)
(Standard tests
for masonry
units were
carried out on
shelled
compressed
earth block with
good results)
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Natural Soil samples were selected in the Auchi environ-
ment in Edo North of Nigeria. Auchi environment was
chosen for this research because of the natural formation
of a rich variety of soil types and solid mineral deposits
within a small geographical land area. The proximity of
variety of soil types and mineral deposits enhanced easy
reach and the possibility of inclusion of solid mineral in
the experimental research. The locations of diﬀerent soil
types and solid minerals were identiﬁed as shown in Fig. 4.
Four types of soils were identiﬁed in the Edo North
environment – sandy soil in Auchi main town and Jattu,
Gravelly soil of Ikpeshi and Igarra, Laterite soil of Aviele,
and Clayey soil of Ubiane. Simple hand tests of Rigassi
(1985) were applied with a result that eliminated the sandy
soil of Auchi and Gravelly soil of Ikpeshi and Igarra. TheAviele laterite and Ubiane Clayey soils were subjected to
basic laboratory tests – Particle size distribution, and atter-
berg limit tests. The particle size distribution for Aviele lat-
erite soil and Ubiane soil is shown in Fig. 5 and plasticity
index in Fig. 6.
The particle distribution indicates that Aviele laterite
soil has less clay, moderate sand, and more of ﬁne gravel.
The Ubiane soil is more clayey with a high proportion of
sand and less ﬁne gravel.
The Aviele laterite soil with Liquid Limit (LL) of 33 is of
low plasticity and classiﬁed as ‘CL’ in British practice
(Head, 1980). The Ubiane soil of Liquid Limit of 35 is of
medium plasticity ‘CI’ in British practice (Head, 1980).
The low plasticity index of Aviele laterite soil is indicative
of low clay activities of shrinkage and swelling. The two soil
types fall within the acceptable range of appropriate soil
composition for earth construction (Rigassi, 1985).
Figure 4. A map of Edo North of Nigeria showing identiﬁed soil types and mineral deposits (adapted from Google map 2013).
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Laboratory specimens of the usual compressed earth
blocks were produced. A block size of 150 mm  100 mm
 70 mm was adopted for this pilot study for ease of han-
dling and adequate compressibility with an 8 ton hydraulic
jack. A simple mechanical kit was fabricated to produce
laboratory specimen of CEB.
5.1. Mechanical kit
The mechanical kit as shown in Fig. 7 consists of a rect-
angular structured main frame, which was fabricated using
36 mm steel angle and 75 mm U-channel; and a suspended
mould was fabricated with 8 mm thick steel plate. Other
components were 8 ton and 6 ton hydraulic jacks. A base
plate or U-channel was welded to the stress head of the 8
ton jack that helps to distribute pressure uniformly to the
base of the block without tilting. There was an upper com-
pression unit for the application of a degree of pressure on
the top of the block. The Jack lever extension enhanced
higher stress action. Top and bottom plates were dimen-
sioned to just slide freely within the mould and kept the
earth within the mould.
It is important to note that at this stage, the components
5 and 6 – Inner mould/Separator and 50 mm cube mould
were not required for the production of laboratory samples
of CEB. The component 5 was designed at a later stage in
the research work and shall be discussed later. The 50 mm
cube moulds were used to produce 50 mm CEB cubes for
quick checks when necessary.
The process of producing a CEB with the above kit is
described as follows: The soil is measured by mass and
the required cement added as a percentage of mass of earth.The optimum water content, which was determined as 11
per cent in an earlier test was added and mixed properly
in a soil sample mixer for 15 s. The hydraulic jack 1 (03)
is guided in place to the lower part of the suspended mould
(01). A bottom plate (09) is lowered into the suspended
mould ready to receive mixed soil. The mould is ﬁlled with
mixed earth covered with the upper compression unit (07).
The hydraulic jack 2 (04) is guided in place to the upper
part of the suspended mould (01) and top of (07). Hydrau-
lic jack 2 (04) is stressed until upper compression unit (07)
has sunk fully into the mould. Hydraulic jack 1 (03) is
stressed until the setting of the pressure relieve valve of
the 8 ton jack is attained. The red covered valve at the base
of the hydraulic jack 1 (03) was pre-adjusted to a desirable
pressure where the ejected block was shinny and very ﬁrm.
Uniform pressure is maintained for all blocks by presetting
the pressure relief adjuster. When it gets to the pre-set
pressure, the stress head is demobilised. However, the
limitation of the above kit is that the pressure was not mea-
sured. The block is ejected by releasing and removing the
hydraulic jack 2 (04) and stressing hydraulic jack 1 (03)
to bring out block.
Samples of compressed earth blocks were produced
from Aviele laterite soil and Ubiane soil with cement con-
tent varied from zero to 15 per cent. CEB specimens were
subjected to durability tests with the aim of identifying
the optimum cement content required for a clear durability.
6. Durability test of CEB samples
Appropriate durability assessment has been a subject of
many research works (Rigassi, 1985; Walker, 1996;
Guettala et al., 2006). Most laboratory assessment methods
for durability of earth wall are inconsistent with their ﬁeld
performance. A proper simulation of rainfall by drip test
from a height of not less than two metres may give a better
result (Ogunye and Boussabaine, 2002). In addition, a
simple hand test was also adopted as surface integrity test.
6.1. Drip test
Samples of CEB were produced for this test; three (3)
samples each of 0, 3, 5, 8, 10, 12, and 15 per cent cement
content for each of Aviele laterite and Ubiane soil. The
six samples of no cement content were cured for 7 days
and air-dried until the 14th day, before drying to constant
mass in a ventilated oven at 75 C. The cement-stabilised
specimens were air dried until the 28th day to achieve max-
imum surface protection before drying to constant mass in
a ventilated oven at 75 C. The average dry weights of each
set before the simulated rain test were recorded against the
average dry weights after test and the diﬀerences were
taken as the eroded mass.
Durability was assessed by subjecting the above sample
blocks of varying percentages of stabilisation to a simula-
tion of rain of continuous downfall. Jets of water released
from a height of 3 m ‘impacted’ on samples at a vertical
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Figure 7. Description of mechanical kit for the production of laboratory samples of CEB.
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repeated exposure was intended to reveal an appreciable
erosion. The dry weight of eroded component was plotted
against percentage of stabilisation.
A simple apparatus was set up near a well, which was
equipped with a submersible pump that lifts water to a
500 l suspended tank. Water is discharged by gravity
through a linear shower pipe onto the blocks below, as
shown in Fig. 8. A ground water drain was provided
adjacent to the apparatus to drain the ﬂoor.Left: Drip test apparatus with a linear 
shower pipe attached to water tank 
suspended at 3 meters above the 
row of blocks.
Above: CEBs inclined at vertical 
angle of 15 degrees.
Figure 8. Drip test arrangement.6.2. Surface integrity test
A simple hand test for natural surfaces of CEB was dis-
covered out of curiosity and was later found to be very
eﬀective in determining if a surface will wash or not. The
method of testing was as follows:
Wet the surface of a CEB specimen with water as shown
in Fig. 9. Dip your foreﬁnger in water, and with the wet
Wet the surface. Rub the surface with a 
wet finger.
Clay stained finger and 
muddy face of block of 
zero cement content.
(Ubiane soil)
Unstained finger and 
clear face of 12 per 
cent cement stabilized 
block. (Ubiane soil)
Figure 9. Description of hand test of surface integrity.
Table 2
Summary of result of surface integrity.
Soil type Cement content (%)
0 3 5 8 10 12 15
Aviele Laterite soil S S S US US US US
Ubiane soil S S S S S US US
S – stained; US – unstained.
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Examine your foreﬁnger for any stain of clay. Wash oﬀ
the surface of CEB and your foreﬁnger if there were stains
of clay and rub the surface again. It is recommended that
the process be repeated three times to avoid confusing set-
tled dust for a surface material wash. If no clay stain was
noticed at the ﬁrst attempt, it is recommend that the rub-
bing pressure be increased just as much as the operator
can conveniently apply to the second and third attempts.
Clay stains on foreﬁnger and muddy face of CEB at the
third attempt indicate that the surface will wash when
exposed to water or rain. A clean foreﬁnger and clear face
of CEB at the third attempt are indicative of a durable and
water resistant surface.
The CEB samples used for the drip test were ﬁrst tested
for surface integrity. The average performance of the three
blocks in a set was taken as the performance of the set.
The result of the durability tests of compressed earth
blocks produced from soil types 1 and 2 (Aviele and Ubi-
ane) showed that the cement content required for optimum
durability in a more clayey Ubiane soil was more than the
Aviele laterite soil; and was 12 per cent and 8 per cent
respectively (Fig. 10). The percentage of cement content
was plotted against the percentage of erosion.
The above results indicate that the physical composition
of soil type has a considerable eﬀect on the cement content
required for a good performance. The clay content is theFigure 10. Percentage of erosion of stabilised compressed earth blocks
made from Aviele laterite soil and Ubiane soil.main diﬀerence in the two soil types. Rigassi (1985) recom-
mended lime for soils with higher content of clay. The con-
straint of the amount of water required by lime for a good
performance makes it more useful for Adobe blocks and
not for compressed earth blocks that require a low water
content for its production. Moreover, lime is not a com-
mon material of construction in Nigeria. An acceptable
solution to the use of earth in Nigeria must be based
primarily on the use of Cement as a binder.
Aviele laterite soil with less clay content became very
durable with 8 per cent stabilisation. Ubiane soil with
higher clay content became adequately durable with 12
per cent stabilisation. This result indicated that the laterite
soil was more suitable for stabilised compressed earth con-
struction as it required less cement content. The deviation
of the average values of percentage erosion ranged between
±3 and ±5per cent in Aviele Laterite soil and Ubiane soil
respectively.
The result of hand test for surface integrity is shown in
Table 2.
The above result perfectly corroborated the drip test
result with 8 per cent cement content in Aviele laterite
soil and 12 per cent in Ubiane soil for durability.
However, there was the need to calculate and appreciate
the implication of these cement requirements, in terms
of quantity per unit area of wall, for the two soil types.7. A check of viability
A modest single-storey dwelling needs about 120 tonnes
to 150 tonnes of soil to build the external and some internal
walls (Keefe, 2005). In other words, the compression
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with adequate strength to function as a load-bearing wall.
Cement stabilisation implies that a required percentage of
cement is added to this huge volume of loose earth before
compression into blocks. Eight (8) to twelve (12) per cent
stabilisation of a 200 mm thick wall may be very demand-
ing. This section of the research work investigated and ana-
lysed the quantity of cement required per unit area of wall
for 8 and 12 per cent.
The eﬀective volume of the suspended mould of the
mechanical kit in Fig. 2, and the volume of the block pro-
duced were used as the basis for the calculations. Physical
measurements were taken as follows:
Inner volume of suspended mould = 150  100
 160 mm = 0.0024 m3.
Volume of moist soil (11% moisture content)/unit
block = 0.0024 m3.
Volume of moist soil (11% moisture content) = 1.5 
volume of dry soil.
Volume of unit CEB = 150  100  70 mm =
0.00105 m3.
Constant mass of CEB = 1.9 kg.
The relationship between volume of moist soil of 11%
moisture content and dry soil was deduced from the result
of preliminary test. In the preliminary test, 11 per cent of
water by weight was added to known volume of dry soil.
The volume of moist soil was measured to be 1.5 of volume
of dry soil. The above parameters were used to calculate an
approximate volume and mass of dry soil required to con-
struct a 1m2 area of CEB wall of 200 mm thick as follows:
Volume of 1 m2 area of wall = 1  1  0.2 m2 = 0.2 m3.
(Assuming the same material and density for mortar
joints)
Volume of moist soil needed for 0.2 m3 volume of
wall = (0.0024  0.2)/0.00105 = 0.457 m3.INNER CORE
EARTH MINIMAL CEMENT
STABILISATION
OUTER SHELL
EARTH WITH OPTIMUM
CEMENT STABILISATION
Figure 11. Unit Shelled Compressed Earth Block (SCVolume of dry soil = volume of moist soil/1.5 = 0.457/
1.5 = 0.305 m3.
The mass of the dry soil for 1 m2 area of wall was calcu-
lated as follows:
If moist volume of soil for unit block is 0.0024 m3, the
dry volume of soil for unit block = 0.0024/
1.5 = 0.00l6 m3 with constant mass of 1.9 kg (from physical
measurement above).
Mass of dry soil for 1 m2 area wall  (0.305/
0.0016)  1.9 = 362.2 kg.
Weight of dry pulverised soil required for 1 m2 of wall is
362.2 kg. The required weight of cement for 8 and 12 per
cent stabilisation required for optimum stabilisation of
1 m2 area of wall made from Aviele laterite soil and Ubiane
soil can now be calculated as follows:
1. Aviele laterite: Weight of dry pulverised soil = 362.2 kg.
Weight of cement for 8% stabilisation = 362.2  0.08 =
29 kg.
2. Ubiane soil: Weight of dry pulverised soil = 362.2 kg.
Weight of cement for 12% stabilisation = 362.2 
0.12 = 43.5 kg.
The amount of cement calculated above for the two soil
types was high for aviele laterite soil and outrageous for
Ubiane soil where almost one 50 kg bag of cement goes
for every 1 m2 area of wall of an earth building. This raises
many sustainability issues in the earth construction system,
which is known for its environmental friendliness.8. Emerging concept
Following the issues relating to adequacy and durability
of earth walls, and the corresponding cost implications, the
concept of a Shelled Compressed Earth Block (SCEB) may
be worth the eﬀorts of further research work. The Shelled
Compressed Earth Masonry Unit is an earth block ofEB) and masonry framework in stretcher bond.
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inner layer/core which constitutes of about 60 per cent of
the block’s volume is stabilised with 3 per cent of cement;
and the outer layer/shell, which constitutes about 40 per
cent of block is of highly stabilised earth – all compressed
mechanically into a single unit block; Fig. 11.
The concept was evolved with the intention of giving
adequate stabilisation to the exposed part of compressed
earth block with less overall cost and cement content.
The arrangement of the blocks in stretcher or running
bond revealed a composition of shell in a supportive and
interwoven framed structure and the inner core in a protec-
tive conﬁnement. The production of two-layered block like
SCEB was very challenging.9. Production of laboratory specimen of SCEB
The production of laboratory specimen of SCEB was
achieved by the introduction of a separator to the mechan-
ical kit earlier used for the production of laboratory spec-
imen of CEB and is described in Figs. 7 and 12.INNER CORE
EARTH WITH MINIMAL
STABILISATION
OUTER SHELL
EARTH WITH OPTIMUM
STABILISATION
SCEB ó full cover Samples of SCEB ó full 
cover
Figure 13. Description of SCEB – full cover.9.1. The separator
The separator was fabricated with a 2 mm thick steel
plate with two hoppers as shown in Fig. 12. The central
hopper fed the inner core while the side hopper fed the
shell.
Just as it took only the introduction of a separator to the
above laboratory CEB Kit to produce SCEB, the industrial
production of SCEB may just be the introduction of a sep-
arator to the existing CEB production process.
The above Kit was used to produce numerous Labora-
tory samples of SCEB for standard masonry tests. The
Ubiane soil was chosen for the preliminary study of SCEB
because:Central hopper (Inner core)
Side hopper (Shell)
Shell guide
Core guide
Description of Separator Separator lowered into 
the main mould.
Figure 12. Description and use of the se1. The high cement content required by it for satisfactory
durability made the concept of SCEB more relevant to
earth construction technology.
2. The slightly higher clay content than the Aviele laterite
soil should make it more active in swelling and shrink-
ing. Hence, if the model produced from Ubiane soil
passed the necessary laboratory tests, it is logical that
less clayey soil will perform even better.
9.2. Partial and fully covered SCEB
Partial and fully covered SCEBs were produced using
the above Kit. A partial cover has the shell layer only on
the sides as shown in Fig. 11. This is intended to be the
industrial application of SCEB since it is simpler to pro-
duce than the full cover. The bed faces would be covered
in mortar during the wall construction process. The full
cover has the shell layer on all sides including the bed faces
as shown in Fig. 13. The production takes two additional
steps of spreading the shell material in the mould before
lowering the separator into the mould; and when the sepa-
rator is removed, the shell material is spread over the top of
the mould content before compression. The full cover lab-
oratory specimens were produced to study the impact of
the extra cover on the behaviour of the block; and to pro-
tect the inner core of unstabilised earth from disintegrationThe core material is fed
to the central hopper 
while  the shell material 
goes into the side 
hopper. Tap to settle 
and fill.
Removing separator 
gradually while 
tapping to vibrate 
the content.
parator for the production of SCEB.
Figure 15. Change of normalised compressive strength with cement
stabilisation.
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research work.
10. Tests of Shelled Compressed Earth Block (SCEB)
10.1. Compressive strength
Ubiane soil was used to produce specimens of SCEB
partial and full cover with diﬀerent cement contents vary-
ing from zero to 15 for the shell and zero percent cement
content for the core. A set of three specimens of each block
type and composition were tested for compressive strength
in conformity with BSI, 2011a.
The mechanical kit described in Fig. 7 and 12 was the
apparatus used for the preparation of the specimens and
crushed as shown in Fig. 14.
The normalised compressive strength results are as
shown in Fig. 15.
The result showed that the compressive strength of both
the full cover and partially covered SCEBs, increased con-
siderably with the introduction of an outer shell of stabi-
lised earth. The overall strength of the masonry units
further increased with an increase in stabilisation of the
outer shell. The full cover attained greater strength at higher
cement stabilisation. The diﬀerence in compressive strength
of 8 to 10 per cent was low; while the change of 10 to 12 per
cent was signiﬁcantly high, this may be due to adequacy of
cement content in Ubiane soil. The deviation of the average
values of normalised compressive strength was ±2Nmm2.
The greater strength exhibited by the partial cover at 3
per cent cement stabilisation was probably a deviation
due to extra days of curing on a weekend.
10.2. Initial rate of water absorption
The test was to determine the rate of absorption of
water with an increase in percentage of cement stabilisa-
tion. A set of three blocks per sample of SCEB-full cover
were produced with a variation of cement content from
zero to 15 per cent in the shell and zero per cent cementFigure 14. The compressive strength testing.content in the inner core. Test was conducted in accor-
dance with BSI, 2011b. The initial rate of water absorption
of the clay masonry unit due to capillary action of each
specimen was calculated using the given formula (BSI,
2011b): The diﬀerence of dry mass and the soaked mass
is divided by the product of the contact surface area of
specimen and soaking time – expressed in kg/(m2  min).
cwi;s ¼ ½ðmso;s mdry;sÞ=Ast  103½kg=ðm2 xminÞ ð1Þ
where t = 1 min; As = surface area.cwi,s is the initial rate of
water absorption of clay masonry units, [kg/(m2
 min)]mso,s is the mass of the specimen in grams after
soaking for time t, (g)mdry,s is the mass of the specimen
after drying, (g).
The initial rate of water absorption was observed to
reduce with an increase in cement content of the shell as
shown in Fig. 16.
A comparison of rate of water absorption, by capillary
action, for diﬀerent percentages of stabilisation is shown
in Fig. 17.
The unstablised specimens had a very high rate of
absorption and disintegrated in less than 10 min. The 3
per cent stabilisation made a big diﬀerence, as it remained
ﬁrm through the handling and the 60 min duration of the
experiment. The volume change, of the inner core ofFigure 16. The initial rate of water absorption of specimens of varying
percentages of cement content.
Figure 17. Comparison of rate of water absorption by capillary.
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insigniﬁcantly low that the weak shell of 3 per cent cement
content did not crack. The closeness or near overlap of 8
and 10 per cent specimen was observed to reﬂect in the
closeness of their compressive strength in Fig. 11 for partial
cover.10.3. Water absorption by immersion
This test was intended to assess the worst-case scenario
of the behaviour of shelled compressed earth block with
water. Fully covered SCEB of varied cement content was
produced from Ubiane soil. The block composition for this
experiment was carefully selected with the aim of observing
the behaviour of SCEB with shell of diﬀerent cement stabil-
isations and inner core of unstabilised earth. Furthermore,
to observe the diﬀerence which small cement content in the
inner core will make on the stability of SCEB in water. The
test was conducted in accordance with BSI, 2011c. Test was
conducted three times on three sets of specimens of same
compositions to conﬁrm the behaviour of SCEB in water.
The behaviours stated below were consistent. Water
absorption was calculated by dividing the diﬀerence of
mass of dry specimen and soak specimen by the dry mass,
expressed in percentage as follows (BSI, 2011c)Figure 18. Behaviour of diﬀerent compositionsWs ¼ ½ðMs MdÞ=Md  100% ð2Þwhere, Ws is the Water absorption of the specimen (%)Md
is the Mass of the specimen after drying (g)Ms is the mass
of the specimen after soaking (g).
The behaviour of specimens is shown in Fig. 18.
The behaviour of the blocks can be understood from the
compositions of the blocks i.e. the cement content in shell
and core, as analysed in Table 3.
The above behaviours in Fig. 18 were exhibited consis-
tently in three repeated tests. The interpretation of results
was based solely on swelling characteristic of soil in water,
and the strengthening characteristics of cement
stabilisation:
1. Cube A was observed to have disintegrated because of
the outer shell of low cement stabilisation (3%) which
could not resist the absorption and expansion of the
unstabilised earth in the core hence the crack. With
the crack of the shell, the unstabilised inner core was
exposed and hence disintegrated. This same specimen
was observed to be ﬁrm without cracks with the capil-
lary absorption test.
2. Cube B exhibited the same behaviour as Cube A, show-
ing that 5 per cent stabilisation was still too small to
resist the expansion of a core of unstabilised earth.
3. Cube C, though with shell of 5 per cent stabilisation,
had a small crack because the expansion of the inner
core was less due to the 1 per cent stabilisation.
4. Cube D, though of the same 5 per cent stabilisation was
in good condition (no crack) because the inner core,
with the 2 per cent stabilisation, exhibited a considerable
reduction in expansion that did not aﬀect the shell.
5. Cube E was in good condition with an inner core of
unstabilised earth because the shell was adequately sta-
bilised with 10 per cent of cement to limit the expansion
of the inner core. The same was applicable to Cube E2
and E3.
6. Cube F is a CEB (monolithic block – not shell and core
arrangement), of 3 per cent stabilisation.
The summary of these results is that SCEB is very stable
even in the event of total immersion in water when the shellof specimens after 24 h immersion in water.
Table 3
Description of specimens and their behaviour after water immersion test.
Specimen Cement content
in Shell (%)
Cement content
in Core (%)
Behaviour Water absorbed
(percentage of dry weight)
A 3 0 Cracked and disintegrated Not measurable
B 5 0 Cracked and disintegrated Not measurable
C 5 1 Small crack 8.9%
D 5 2 Good condition 8.9%
E 10 0 Good condition 8.33%
E2 12 0 Good condition 8.17%
E3 15 0 Good condition 8.06%
F No shell (CEB) 3 Good condition 8.6%
Table 4
Showing results of SCEB, CEB and sand–cement blocks.
Block Composition Compressive
strength (N/mm2)
Coeﬃcient of water
absorption kg/(m2  min)
Durability percentage
of eroded mass (%)
Unvibrated sand–cement block 1:4:8 (cement, soft & sharp sand) 2.1 1.68  102 3
Vibrated sand–cement block 1:4:2 (cement, soft and sharp sand) 4.3 6.88  103 0
Compressed earth block Aviele Laterite soil 5% cement 5.6 1.49  102 5
Shelled compressed earth block Aviele Laterite soil shell: 10% cement
core: 3% cement
9.7 6.90  103 0
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swelling and shrinking did not aﬀect the structural stability
of the masonry unit.11. Expanding research results and opportunities
11.1. Comparative results of selected block types
The results of basic laboratory tests of SCEB and CEB
in comparison with common sand–cement blocks in Nigeria
were revealed in other tests as shown in Table 4 (Egenti,
2013).11.2. Areas of further research
The shelled block concept may allow the making of
compressed earth blocks of outer shell of a variety of com-
patible material. White blocks may be made with replace-
ment of red soil with kaolin (white clay) mixed with soft
and coarse river sand. There is also a possibility of produc-
ing blocks of two external colours such as brick red colour
on external surface and brilliant light grey on the internal
surface to improve internal illumination. (See Fig. 19).Figure 19. Block of two external colours.Marble chips may be added to outer shell for greater eﬀect
and texture. These proposals are however possible areas of
further research in SCEB technology.
12. Conclusion
This paper considered the reasons for non-utilisation of
compressed earth wall construction in Nigeria and identi-
ﬁed the desirable features and characteristics to achieve if
earth wall would be widely utilised in Nigeria. Optimum
cement content in compressed earth block for adequate
durability was identiﬁed and found not sustainable. The
emerging concept of a shelled compressed earth block
was developed and subjected to basic masonry unit tests.
An impressive compressive strength of up to 11.8 N/mm2
was recorded for shelled compressed earth block of 15
per cent cement content in shell, which is higher than the
2.1 N/mm2 and 4.3 N/mm2 of the prevailing sandcrete
block and mortar respectively. Water absorption was sub-
stantially less in shelled earth block than the sandcrete
block because of its high percentage of ﬁne and less poros-
ity. The factor of expansion and shrinkage was accessed in
a worst-case scenario of total water immersion, which
revealed that an adequate tensile strength of the shell resists
the expansion of the core and limits water absorption; as in
soil in conﬁnement. 3 per cent cement stabilisation of the
inner core was also observed to reduce its expansion and
stress on the shell. This is a part of an ongoing research
in Shelled Compressed Earth Block. Further research work
is required to consider a bigger size of SCEB and attractive
surface texture as desired by Nigerians using a bigger
mechanical kit equipped with a pressure gauge to measure
compaction pressure of the specimens.
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